From swelling to sclerosis: acute change in mesial hippocampus after prolonged febrile seizure  by SOKOL, DEBORAH K. et al.
Seizure 2003; 12: 237–240
doi:10.1016/S1059–1311(02)00195-4
From swelling to sclerosis: acute change in mesial
hippocampus after prolonged febrile seizure
DEBORAH K. SOKOL, WILLIAM E. DEMYER, MARY EDWARDS-BROWN, SCOTT SANDERS &
BHUWAN GARG
Indiana University School of Medicine, Indianapolis, IN, USA
Correspondence to: Dr Deborah K. Sokol, Department of Neurology, James Whitcomb Riley Hospital for Children
1757, Indiana University Medical Centre, 702 Barnhill Drive, Indianapolis, IN 46202-5200, USA.
E-mail: dksokol@iupui.edu
Mesial temporal sclerosis (MTS) has been linked to prolonged febrile seizures. The sequence of changes in the temporal
lobe/hippocampus following prolonged febrile seizures and status epilepticus is beginning to be elucidated. We obtained repeated
magnetic resonance imaging (MRI) volumetric analysis of the hippocampi in a 23-month-old boy after a prolonged focal febrile
seizure. Three days after a prolonged left focal febrile seizure, brain MRI showed increased T2 weighted signal and increased
volume (swelling) of the right hippocampus. Repeat MRI 2 months later demonstrated sclerosis of the right hippocampus.
Review of the literature shows four other children with prolonged focal seizures associated with the MRI sequence of temporal
lobe swelling followed by sclerosis. All had left focal seizures followed by right MTS. Our patient demonstrates a shorter interval
for the radiologic development of hippocampal sclerosis compared to other reports.
© 2002 BEA Trading Ltd. Published by Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
Mesial temporal sclerosis (MTS) has been linked to
prolonged febrile seizures1, 2. Although MTS can be
detected in children during the first decade, it is more
commonly found during adolescence. It has been sug-
gested that a long period of time is required following
prolonged febrile seizures for MTS to develop3. We
report acute MRI hippocampal swelling followed by
sclerosis 2 months later in a child after a prolonged,
focal, febrile seizure.
CASE STUDY
A 2-year-old boy with a history of otitis media and
five prolonged, left focal, febrile seizures occurring
earlier that year, presented with a sixth prolonged fo-
cal, febrile seizure. He awoke on the day of admission
with a fever (101 ◦F), left eye deviation and left up-
per extremity jerking lasting 35 minutes. The boy was
not taking antiepileptic medication; he had a family
history of febrile seizures and epilepsy. His develop-
ment was delayed: he sat up at 8 months, walked at
23 months and at 23 months had a vocabulary of only
10 words. Physical examination was remarkable for
a post ictal boy with an erythematous left tympanic
membrane. Electroencephalogram (EEG) showed fo-
cal slowing over the right hemisphere. Computerized
tomography of the brain, electrolytes, serology and
cerebrospinal fluid analysis were negative.
Brain MRI scan performed 3 days after the seizure
showed increased T2-weighted hyperintense signal
in the right hippocampal area compared to the left
(Fig. 1). Volumetric analysis of the T2-weighted im-
ages showed increased volume of the right hippocam-
pus (right, 1.92 cc; left, 1.56 cc; Fig. 2). Specifically,
using a technique similar to that of Lawson et al.4,
we outlined the contour of the hippocampus on 10
consecutive slices of a General Electric (GE) 1.5 T
coronal scan obtained at 3 mm intervals. A computer
program calculated the area of each defined slice
of hippocampus. The total volume was calculated
by adding the area of each slice and multiplying by
3 mm of thickness. A low grade glioma could not be
excluded and a follow-up MRI scan was obtained 2
months later. This scan confirmed a slight decrease
in the size of the right hippocampus, consistent with
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Fig. 1: T2-weighted MRI coronal cut performed 3 days after focal seizure showing increased signal in the right mesial
temporal lobe (arrow) compared to the left (curved arrow).
Fig. 2: T2-weighted MRI coronal cut volumetric analysis showing larger volume in the right mesial temporal lobe compared to
the left (right, 1.92 cc; left, 1.56 cc).
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Fig. 3: T2-weighted MRI coronal cut performed 2 months after presentation showing right mesial temporal sclerosis (right,
1.08 cc; left, 1.45 cc).
hippocampal sclerosis (right, 1.08 cc; left, 1.45 cc;
Fig. 3).The ratio of volume after to volume before was
0.56 for the right hippocampus and 0.93 for the left.
The patient was placed on maintenance phenobar-
bital and has remained seizure free for 8 months.
DISCUSSION
The right hippocampal volume decreased from 1.92
to 1.08 cc in our patient. This volume is less than that
of the left hippocampus and represents sclerosis. The
initial increased volume of the right mesial temporal
lobe may have been due to edema or to increased
blood flow, as both occur following prolonged focal
seizures3. Seizures abolish autoregulation, initially
raising systemic blood pressure with resultant increase
in brain flow. Swelling of neuronal dendrites and cell
bodies following excessive release of excitatory amino
acids l-glutamate and l-aspartate also may contribute
to acute swelling of the temporal lobe after a prolonged
seizure1. Increased MRI T2-weighted hyperintensity
in the temporal lobes has been reported in children
and adults following generalized status epilepticus6–8
and seizures9. Follow-up MRI scans of these patients
showed the temporal lobe changes were transient
and later disappeared8, 9. For other patients, however,
bilateral hippocampal sclerosis eventually developed
after prolonged seizures10, 11.
The mesial hippocampal sclerosis seen in our patient
may have been due to hypotension, hypoxia, hypo-
glycemia or metabolic derangement as a consequence
of seizures, resulting in cell death. After the initial
increase, cerebral blood flow later decreases in pro-
longed seizures following reduction in systemic blood
flow3. Decreased blood flow reduces oxygen and glu-
cose to the brain despite the higher metabolic demand.
Recent experimental work suggests, however, that
seizures can cause MTS in the absence of hypotension,
hypoxia, and hypoglycemia3. The increased release
of excitotoxic amino acids activates NMDA receptors
which in turn causes calcium influx into cells and
delayed neuronal death12, 13. The time required for
neuronal cell death and resultant atrophy is unknown
and deserves further investigation. Hippocampal scle-
rosis developed in only 2 months in our patient.
Another explanation is that hippocampal sclerosis
pre-existed in our patient. MTS has been shown to co-
exist with neocortical migration disorders14, 15, imply-
ing that MTS may be a developmental disorder. Our
patient’s brain MRI, however, showed no other abnor-
mality suggestive of a migration disorder. Pre-existing
focal pathology may have caused regional damage
leading to the prolonged seizures4 seen in this child.
Such pre-existing pathology may be explained by Pen-
field and Jasper’s5 belief that MTS is a consequence
of injury during the birthing process. A traumatic birth
could involve unilateral compression of the internal
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Table 1: Temporal lobe changes in children with prolonged seizures.
Study
Nohria et al.10 Tien and
Felsberg18
VanLandingham
et al.6
VanLandingham
et al.6
Present study
Sex Female Female Female Female Male
Age 32 months 3 years 28 months 30 months 23 months
Previous seizures No No No Yes Yes
MRI interval 13 months 13 months 9 months 9 months 2 months
Fever Afebrile Afebrile Febrile Febrile Febrile
Seizure type Left focal Left focal Left focal Left focal Left focal
Seizure length 50 minutes 50 minutes 50 minutes 50 minutes 35 minutes
Development Delayed Unknown Normal Normal Delayed
Mesial temporal sclerosis Right temporal Right temporal Right temporal Right temporal Right temporal
carotid and posterior cerebral artery at the incisural
edge causing local infarction and resultant hypoxia to
the temporal lobe. This ‘incisural sclerosis’ from birth
trauma was believed to be the MTS seen later in pa-
tients with medically refractory epilepsy. Doubt was
cast upon this theory, however, once it was shown that
most patients with MTS did not have a history of birth
trauma16. Our patient had no history of birth trauma.
Alternatively, VanLandingham et al.6 proposed that
rapid resolution of edema on MRI with resultant at-
rophy implies pre-existing MTS (fitting the clinical
presentation of our patient), whereas prolonged reso-
lution with slow appearance of atrophy suggests MTS
resulted from an acute insult. Serial MRI scans in
children performed early in the course of prolonged
febrile seizures should help clarify these issues.
The MRI sequence of initial temporal lobe swelling
followed by MTS has been reported in two children
with prolonged febrile seizures3 and in two children
with prolonged focal status epilepticus8, 16. Compar-
ison of the four previously reported children to our
patient (Table 1) shows that all children had similar
seizure semiology: left focal status epilepticus last-
ing greater than 30 minutes. It may be chance that the
MRI sequence from swelling to sclerosis seen in all
five children involved the right temporal lobe and that
all children were toddlers (between 23 and 32 months
of age). Though these findings are reminiscent of an
earlier observation by Taylor and Ounsted17 regarding
the laterality and age of onset associated with MTS,
future work must determine the significance of these
factors.
REFERENCES
1. Scott, R. C., Gadian, D. G., Cross, J. H., Wood, S. J., Neville,
B. G. R. and Connelly, A. Quantitative magnetic resonance
characterization of mesial temporal sclerosis in childhood.
Neurology 2001; 56: 1659–1665.
2. Shinnar, S. Prolonged febrile seizures and mesial temporal
sclerosis (letter, comment). Annals of Neurology 1998; 43:
411–412.
3. Liu, Z., Mikati, M. and Holmes, G. I. Mesial temporal sclero-
sis. Pathogenesis and significance. Pediatric Neurology 1995;
12: 5–16.
4. Lawson, J. A., Cook, M. J., Bleasel, A. F., Nayanar, V., Morris,
K. F. and Bye, A. M. E. Quantitative MRI in outpatient
childhood epilepsy. Epilepsia 1997; 38: 1289–1293.
5. Penfield, W. and Jasper, H. Epilepsy and the Functional
Anatomy of the Human Brain. Boston, Little Brown & Com-
pany, 1954.
6. VanLandingham, K. E., Heinz, E. R., Cavazos, J. E. and
Lewis, D. V. Magnetic resonance imaging evidence of hip-
pocampal injury after prolonged focal febrile convulsions.
Annals of Neurology 1998; 43: 413–426.
7. Scott, R. C., Gadian, D. G., Neville, B. G. R. and Connelly, A.
Hippocampal abnormalities within 48 hours of status epilep-
ticus. BPNA abstracts. Developmental Medicine and Child
Neurology 1999; 41: 12.
8. Kramer, R. E. and Luders, H. Transient focal abnormalities of
neuroimaging studies during focal status epilepticus. Epilepsia
1987; 28: 528–532.
9. Yaffe, K., Ferriero, D., Barkovich, J. and Rowley, H. Re-
versible MRI abnormalities following seizures. Neurology
1995; 45: 104–108.
10. Nohria, V., Tien, R. D., Lee, N. et al. MRI evidence of
hippocampal sclerosis in progression: a case report. Epilepsia
1994; 35: 1332–1336.
11. Wieshmann, U. C., Woermann, L., Lemieux, L., Free, S. L.
et al. Development of hippocampal atrophy: a serial magnetic
resonance imaging study in a patient who developed epilepsy
after generalized status epilepticus. Epilepsia 1997; 38: 1238–
1241.
12. Lipton, S. A. and Rosenberg, P. A. Excitatory amino acids
as a final common pathway for neurological disorders. New
England Journal of Medicine 1994; 330: 613–622.
13. Meldrum, B. Excitotoxicity and epileptic brain damage.
Epilepsy Research 1991; 10: 55–61.
14. Raymond, A. A., Fish, D. R. and Stevens, J. M. Association
of hippocampal sclerosis with cortical dysgenesis in patients
with epilepsy. Neurology 1994; 44: 1841–1845.
15. Sloviter, R. S. and Pedley, T. A. Subtle hippocampal mal-
formation: importance in febrile seizures and development of
epilepsy. Neurology 1998; 50: 846–849.
16. Ounsted, C., Lindsay, J. and Norman, R. Biological factors in
temporal lobe epilepsy. Clinics in Developmental Medicines,
Vol. 22. London, William Heinemann Medical Books, 1966.
17. Taylor, D. C. and Ounsted, C. Age, sex and hemispheric
vulnerability in the outcome of seizures in response to fever.
Brain Hypoxia, Clinics in Developmental Medicine 1971; 40:
266–267.
18. Tien, R. D. and Felsberg, G. J. The hippocampus in status
epilepticus: demonstration of signal intensity and morpho-
logic changes with sequential fast spin-echo MR imaging.
Radiology 1995; 194: 249–256.
